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==========================

Diabetes mellitus (DM) is a prevalent health problem worldwide. The World Health Organization reported that the global prevalence of diabetes among adults (over 18 years of age) was 8.5% in 2014.\[[@ref1]\] In recent years, diabetes has become one of the most prevalent noncommunicable chronic diseases in China. The estimated overall diabetes prevalence rate in the Chinese adult population is 11.6%, and the prevalence of prediabetes is estimated to be 50.1%, which could represent up to 113.9 million adult Chinese individuals with diabetes and 493.4 million who are prediabetic.\[[@ref2]\]

Comprehensive management of DM should include treatments of comorbid conditions, including dyslipidemia, hypertension, and cardiovascular complications.\[[@ref3]\] Among these comorbid conditions, cardiovascular complications are the leading causes of mortality and morbidity.\[[@ref4][@ref5]\] Although other risk factors such as hormone levels and race could also play a role,\[[@ref6][@ref7][@ref8]\] dyslipidemia has been identified as one of the major risk factors for cardiovascular disease (CVD) in DM patients.\[[@ref8]\] Effective management of lipid levels contributes to the early-prevention of CVD\[[@ref9]\] and is recommended for managing DM. Particularly, low-density lipoprotein cholesterol (LDL-C) is a main target for lipid therapy.\[[@ref10][@ref11]\] Statin therapy is an effective and safe cholesterol-lowering agent\[[@ref12][@ref13]\] that is recommended for all patients with diabetes at risk for vascular events.\[[@ref14][@ref15]\]

A recent study found that in the middle-aged and elderly Chinese populations, overweight/obesity, dyslipidemia, and diabetes are the leading risk factors for CVD.\[[@ref16]\] Thus, controlling CVD risk factors, especially the LDL-C level, is essential in managing CVD in DM patients. The Chinese diabetes management guidelines recommend lipid-lowering therapy for all DM patients regardless of their baseline LDL-C level.\[[@ref17]\] The recommendation is to lower the plasma LDL-C level with lifestyle optimization and with the adjunctive use of statin therapy as the lipid-lowering agent of choice.\[[@ref17][@ref18]\] However, despite a high prevalence of dyslipidemia in Chinese patients with diabetes,\[[@ref3][@ref19]\] it is unclear that how well local Chinese health-care communities are implementing treatment guidelines, managing dyslipidemia, and utilizing statin therapy in patients with diabetes.

In the Chinese health-care system, the community hospitals are tasked with delivering the majority of care for noncommunicable chronic diseases including diabetes. However, few studies have evaluated the efficacy of current practices regarding the management of lipid levels, particularly, LDL-C levels, in DM patients at the community hospital level. This study aimed to assess the current status of LDL-C control by assessing the rate of LDL-C target goal achievement in DM patients. In addition, the use of statin therapy was also evaluated in accordance with recommended treatment guidelines.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

The study was conducted in accordance with the ethical standards of participating institutions and with the *Helsinki Declaration* of 1975, as revised in 2000. Informed consent was waived due to the nature of the retrospective study.

Study design {#sec2-2}
------------

The present study was an observational, cross-sectional, retrospective study. This study included 7364 diabetic patients who were treated in eleven Nanjing community hospitals from October 2005 to October 2014.

Cardiovascular disease risk factor data collection and lipid measurements {#sec2-3}
-------------------------------------------------------------------------

Relevant patient data were collected from the clinical examination records and medical charts from eleven community hospitals in the Nanjing and vicinity area. CVD risk factors that were assessed include smoking, weight status (i.e., overweight or obese), hypertension, albuminuria, and dyslipidemia.

Smoking habits were self-reported. A DM patient with a body mass index of ≥24 kg/m^2^ was considered as risk for CVD.\[[@ref20]\] Patients who had a history of hypertension, or were currently on medication to treat hypertension, or whose systolic pressure measured ≥140 mmHg (1 mmHg = 0.133 kPa), and/or whose diastolic blood pressure measured ≥90 mmHg were considered to have hypertension. Albuminuria was assessed by calculating the urinary albumin-to-creatinine ratio, with a ratio of \<30 mg/g as normal. Documented CVD history included stable or unstable angina pectoris, myocardial infarction, and cerebral ischemic stroke. Patients who underwent coronary revascularization or coronary bypass were also considered to have a history of CVD. Each patient\'s lipid profile was collected from his/her clinical record; total cholesterol (TC), LDL-C, high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were assessed. A patient was diagnosed with dyslipidemia if any of the following criteria was met:\[[@ref17]\] (1) a TC level of ≥4.5 mmol/L, (2) a LDL-C level of ≥1.8 mmol/L for patients with CVD and 2.6 mmol/L for patients without a CVD history, (3) a HDL-C level of ≤1.0 mmol/L for males and 1.3 mmol/L for females, and (4) a TG level ≥1.7 mmol/L.

Statin use and treatment goals {#sec2-4}
------------------------------

Statins used for LDL-C management included atorvastatin, simvastatin, lovastatin, pravastatin, rosuvastatin, fluvastatin, and xuezhikang (a medicine that is developed from traditional Chinese medicinal herbs and contains statins). The dosage of each above statin was converted to comparable atorvastatin dosages for the purposes of this study \[[Table 1](#T1){ref-type="table"}\].

###### 

Commonly used statin dosages compared to comparable atorvastatin dosages (mg)

  Atorvastatin   Simvastatin   Lovastatin   Pravastatin   Fluvastatin   Rosuvastatin   Xuezhikang
  -------------- ------------- ------------ ------------- ------------- -------------- ------------
  --             10            20           20            40            --             600
  10             20            40           40            80            5              --
  20             40            80           --            --            10             --
  40             80            --           --            --            --             --
  80             --            --           --            --            --             --

--: Not applicable.

Statin use adherence and dosages were self-reported. The target goal of LDL-C was \<1.8 mmol/L for patients with CVD and \<2.6 mmol/L for patients without a CVD history. These targets were recommended as the target goals in the Chinese guidelines for patients with diabetes.\[[@ref18]\]

Statistical analysis {#sec2-5}
--------------------

Categorical variables are presented as frequencies and percentages, and continuous variables as means ± standard deviation (SD) unless otherwise noted. Statistical analyses were performed using SPSS statistics software (version 22.0, IBM, Armonk, USA). Between-group differences were determined using *t*-tests for continuous variables and Chi-square tests for percentage values. A *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Patients demographic and disease characteristics {#sec2-6}
------------------------------------------------

This study included a total of 7364 diabetic patients who were treated in eleven Nanjing community hospitals from October 2005 to October 2014. The demographic information and baseline characteristics are summarized in [Table 2](#T2){ref-type="table"}. The age of the patients ranged from 33.0 to 93.0 years, with the average age being 64.1 ± 11.2 years. Most of the patients (5358/7364, 72.8%) had a history of diabetes of more than 10 years.

###### 

Patients' demographic information and baseline characteristics

  Characteristics                       Total            Without CVD history   With CVD history   *t* or *χ*^2^   *P* (with vs. without CVD history)
  ------------------------------------- ---------------- --------------------- ------------------ --------------- ------------------------------------
  Patients number, *n* (%)              7364 (100)       6406 (87)             958 (13)                           
  Age (years)                           64.08 ± 11.15    63.21 ± 11.21         69.86 ± 8.85       17.56           \<0.01
   \<40, *n* (%)                        159 (2.2)        158 (2.5)             1 (0.1)            145.11\*        \<0.01
   40--75, *n* (%)                      5993 (81.5)      5315 (83.0)           678 (70.8)                         
   \>75, *n* (%)                        1200 (16.3)      921 (14.4)            279 (29.1)                         
  Gender (male), *n* (%)                4169 (56.6)      3653 (57.0)           516 (53.9)         3.59\*          0.06
  Highest education level, *n* (%)                                                                                
   High school and below                4625 (62.9)      3968 (62.1)           657 (68.6)         15.13\*         \<0.01
   Associate and above                  2725 (37.1)      2424 (37.9)           301 (31.4)                         
  Diabetes history (years), *n* (%)                                                                               
   \<1                                  978 (13.3)       904 (14.1)            74 (7.7)           41.93\*         \<0.01
   ≥1 and \<5                           748 (10.2)       666 (10.4)            82 (8.6)                           
   ≥5 and \<10                          280 (3.8)        255 (4.0)             25 (2.6)                           
   ≥10                                  5358 (72.8)      4581 (71.5)           777 (81.1)                         
  Smoking                               1464 (20.1)      1298 (20.5)           166 (17.6)         4.36\*          \<0.05
  BMI ≥24 (kg/m^2^)                     4429 (61.3)      3806 (60.5)           623 (66.7)         13.31\*         \<0.01
  Blood lipids (mmol/L)                                                                                           
   TC                                   4.84 ± 1.10      4.87 ± 1.09           4.62 ± 1.15        6.17            \<0.01
   LDL-C                                2.80 ± 0.88      2.82 ± 0.87           2.62 ± 0.90        6.43            \<0.01
   HDL-C                                1.24 ± 0.40      1.25 ± 0.41           1.21 ± 0.33        2.64            \<0.01
   TG                                   1.77 ± 1.47      1.79 ± 1.49           1.67 ± 1.39        2.22            \<0.05
   Non-HDL-C                            3.59 ± 1.07      3.62 ± 1.06           3.41 ± 1.10        5.49            \<0.01
  Blood pressure                                                                                                  
   Hypertension, *n* (%)                4859 (66.3)      4078 (64.0)           781 (81.5)         19.83\*         \<0.01
   Systolic pressure (mmHg)             129.59 ± 14.93   129.31 ± 14.91        131.39 ± 14.90     4.01            \<0.01
   Diastolic pressure (mmHg)            77.33 ± 9.19     77.51 ± 9.20          76.12 ± 9.04       4.38            \<0.01
   Chronic kidney disease, *n* (%)^†^   1854 (28.7)      1510 (26.9)           344 (40.3)         64.94\*         \<0.01

\**χ*^2^ value; ^†^Criteria of chronic kidney disease: Previous history of chronic kidney disease, or either of the following present for \>3 months, ACR ≥30 mg/g and eGFR \<60 ml·min^−1^ ·1.73 m^−2^. BMI: Body mass index; TC: Total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; TG: Triglycerides; CVD: Cardiovascular disease; ACR: Albumin-to-creatinine ratio; eGFR: Estimated glomerular filtration rate.

The majority of patients (6406/7364, 87.0%) had no history of CVD; however, 92.1% (5899/6406) of these patients had one or more CVD risk factors. Among the CVD risk factors, dyslipidemia was the most common, with a total of 87.5% of patients having the condition \[[Figure 1](#F1){ref-type="fig"}\].

![Risk factors in patients without cardiovascular disease history. The majority of patients without cardiovascular disease history had at least one risk factor. Dyslipidemia was the most common risk factor, affecting 87.5% of the patients in this group.](CMJ-131-295-g001){#F1}

Low-density lipoprotein cholesterol level {#sec2-7}
-----------------------------------------

As the study was conducted based on real-world experience, some patients did not have clinical record of lipid profile. The LDL-C level was obtained in 6328 (85.9%) patients of the total 7364 patients. The LDL-C level measured on average was 2.80 ± 0.88 mmol/L in all patients, 2.82 ± 0.87 mmol/L in patients without CVD history, and 2.62 ± 0.90 mmol/L in patients with a CVD history (*t* = 6.43, *P* \< 0.01). Overall, the LDL-C level in the patients enrolled in the study was higher than the target goals, which were lower than 2.6 mmol/L for patients without CVD history and lower than 1.8 mmol/L for patients with a CVD history.

Rate of statin use in patients with diabetes {#sec2-8}
--------------------------------------------

Overall, 24.5% (1803/7355) of all patients were on any lipid-lowering medication, and 22.9% (1683/7355) of all patients used statin therapy for lipid management. Furthermore, 36.3% (347/956) of patients with a CVD history and 20.9% (1336/6399) of patients without CVD history used statin therapy as their lipid-lowering medication \[[Figure 2](#F2){ref-type="fig"}\]. It is worth noting that in patients who were using lipid-lowering agents, 96.7% (347/359) of patients with and 92.5% (1336/1444) of patients without CVD history used statin therapy for management of their lipid levels. The mean dose of statins used in all patients was 13.9 ± 8.9 mg/d. Further analyses found that the average dose of statins used was 15.0 ± 11.5 mg in patients with a CVD history and 13.5 ± 8.0 mg in patients without a CVD history.

![Rates of lipid-lowering agents and statin use. Lipid-lowering agents include atorvastatin, simvastatin, lovastatin, pravastatin, rosuvastatin, fluvastatin, and xuezhikang.](CMJ-131-295-g002){#F2}

Rate of patients who achieved their low-density lipoprotein cholesterol target goal {#sec2-9}
-----------------------------------------------------------------------------------

At the time of the study, 38.0% of all the patients had met their target goal (\<1.8 mmol/L for patients with a CVD history and 2.6 mmol/L for patients without a CVD history). In patients who had a history of CVD, 17.1% had met the target goal, whereas 41.3% of patients who had no CVD history had met the goal.

In patients who had used lipid-lowering agents, 37.3% had achieved their target LDL-C goal, with 23.9% of patients who had CVD history and 40.6% of patients who had no CVD history reaching their target LDL-C level \[[Figure 3](#F3){ref-type="fig"}\].

![Rates of achieving low-density lipoprotein cholesterol target goal.](CMJ-131-295-g003){#F3}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

CVD is the leading cause of mortality in patients with diabetes, and thus effective management of CVD risk factors, especially LDL-C, is essential for managing patients with diabetes. Because of the unique structure of the Chinese health-care system, the community hospitals are often the most accessible health-care resource to patients and thus are tasked with managing DM patients. Therefore, understanding how effective community hospitals are managing their DM patients and providing these hospitals with adequate support and education are essential for delivering optimal care by implementing the recommended treatment guidelines. However, studies in this field are sparse.

In this cross-sectional study of patients with diabetes who were treated in Nanjing community hospitals, we found that more than 60% of patients did not achieve the target LDL-C goal. Furthermore, we observed that a higher proportion (41.3%) of patients without CVD history achieved their target goal compared with patients with a CVD history (17.1%). As the target LDL-C levels for patients with diabetes are lower than for the healthy population, it is more challenging for them to achieve their goals. Nevertheless, more than half of the patients who were treated with lipid-lowering agents did not achieve their target LDL-C level, indicating that lipid abnormalities were not managed effectively in these patients. A similar study of patients with diabetes with hypertension conducted in Beijing community hospitals showed that the mean LDL-C was 3.2 mmol/L, and that the rate of LDL-C target goal achievement (the target goal was \<2.6 mmol/L) was 25.6% at baseline. Both the Nanjing community hospitals and Beijing hospitals were well situated to provide optimal care for those patients. However, although the Nanjing community hospitals managed the DM patients more effectively than the Beijing community hospitals, the gap between the clinical results and the target goals recommended by the guidelines was wide.

The rate of following the treatment guideline recommendations of statin therapy for the management of LDL-C was low, which could contribute to the low rate of achieving target LDL-C levels in the present study. Although in the study the vast majority of patients who were on lipid-lowering agents used statins, we found that the overall use of statins as a lipid-lowering agent in patients with diabetes was low. Despite the finding that statin use might be associated with a higher rate of diabetes incidence,\[[@ref21][@ref22]\] the current consensus is that the benefits of managing LDL-C with statins outweighs the adverse effects. A recent study conducted in Beijing community hospitals found that an increase in statin use was associated with an increase in the rate of T2DM patients who achieved LDL-C target goals in patients who participated in a 3-year intervention program.\[[@ref23]\] Thus, statin use as recommended by the guidelines should be promoted in DM patients in China, especially given the prevalence of dyslipidemia in this population.\[[@ref3][@ref19]\] The present study of a Chinese diabetes patient population in the Nanjing area found that the overall rate of statin use was as low as 22.9%. Our finding is consistent with previous studies that found that the overall use of statins for management of dyslipidemia in the Chinese population is relatively low.\[[@ref1][@ref19][@ref24][@ref25]\] Particularly, Lyu *et al*.\[[@ref23]\] reported that only 18.3% patients with diabetes with hypertension used statins for lipid management. This discrepancy between clinical practice and guideline recommendations should be addressed to improve management of DM patients.

For the patients who were over forty without CVD history, but with one or more CVD risk factors for life-threatening cardiovascular complications, the primary prevention of CVD is particularly essential. However, the rate of statin use was significantly lower (20.9%) in this subpopulation of DM patients, and the LDL-C level (2.82 ± 0.87 mmol/L) was significantly higher compared with DM patients with a CVD history (2.62 ± 0.90 mmol/L). According to the Chinese diabetes treatment and management guidelines, the LDL-C target goal is below 2.6 mmol/L when DM patients have one or more CVD risk factors. In our study, more than 90% of the patients without a CVD history had one or more CVD risk factors, and the most common CVD risk factor was dyslipidemia (87.5%), indicating that the majority of these patients should be treated with statins to achieve the LDL-C management goal. Therefore, this subpopulation that was especially vulnerable to risks of CVD should be monitored more closely and managed more effectively.

In addition to the low rate of statin use, another possible cause for the low rate of achieving LDL-C target goals in DM patients is that statins are not being prescribed at effective dosages, especially for DM patients with a CVD history. For DM patients with atherosclerotic CVD, although Chinese guidelines recommend moderate intensity (10--20 mg atorvastatin) statin therapy, the latest American Diabetes Association guidelines (2017) recommend high-intensity (40--80 mg atorvastatin) statin therapy.\[[@ref26]\] Thus, it is likely that high-intensity statin is required to effectively manage the LDL-C level in DM patients. We found in this study that the mean statin dose prescribed for these patients was 15 ± 11.5 mg, which might not be sufficient for reducing LDL-C.

The low statin use rate and the inadequate statin dosages may be due to the following factors: lack of awareness about statin therapy, adverse effects of statins, and costs of statin.\[[@ref25]\] To control CVD in patients with diabetes, blood glucose, blood pressure, and blood lipids should all be managed.\[[@ref3]\] Statin therapy is the recommended first-line LDL-C-lowering agent for the management of high LDL-C in patients with diabetes.\[[@ref11][@ref18][@ref27][@ref28]\] However, the physicians who treat patients with diabetes often solely focus on lowering blood glucose and do not provide adequate lipid-lowering therapy.\[[@ref3]\] It is also possible that some physicians do not follow treatment guidelines. Therefore, educating health-care providers and patients about the benefits of statin therapy and encouraging the use of statins should be promoted to better manage lipid abnormalities in patients with diabetes. Particularly, raising awareness of the importance of treating dyslipidemia among physicians is crucial to controlling CVD in patients with diabetes.

Moreover, patients\' adherence to treatment regimens may not have been ideal, which could have also contributed to the low rate of achieving target LDL-C levels in the present study. Previous studies have described that the benefits of statin therapy that have been observed in clinical trials can only be replicated in real life in patients who completely adhere to treatment regimens.\[[@ref29][@ref30]\] Finally, the present study is a cross-sectional study, and the history of statin use is not taken into consideration; therefore, the statin therapy might have not reached its full potency in all patients at the time of study.

One limitation of the study is that there was no follow-up for patients included in the study; therefore, the study does not provide information regarding long-term management of DM. As DM is a chronic condition, more study efforts should be directed at investigating long-term management. In addition, community hospitals in Nanjing area are known to be well managed and represent the high-quality health-care facilities in China. As a result, this cross-sectional study was not representative of the care provided by the average community hospital in China. Therefore, it is alarming that even in the top community hospital, LDL-C was poorly managed in DM patients, indicating a high risk of CVD for these patients nationwide.

In conclusion, overall, in this cross-sectional study, we found that LDL-C was not managed effectively in DM patients treated in Nanjing community hospitals. Furthermore, the use of statins for lipid management is low. The real-world clinical results of LDL-C management in DM patients are far from the target goal set by the guidelines. Furthermore, a particularly vulnerable patient subpopulation consisted of those patients without a CVD history; more than 90% of them had one or more other CVD risk factors but the rate of statin use was only 20.9%, and it is imperative to start primary prevention of CVD in these patients as soon as possible. DM-associated CVD poses substantial burden on the health-care system, and effective control of risk factors such as LDL-C is a pivotal step in managing public health. The results of this cross-sectional study indicate that the delivery of care is challenging in the setting of everyday practice, and implementation of the guideline recommendations should be promoted and encouraged.
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